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Abstract
Guanylate-binding proteins (GBPs) are interferon-
stimulated factors involved in the defense against 
cellular pathogens and inflammation. These proteins, 
particularly GBP-1, the most prominent member of the 
family, have been established as reliable markers of 
interferon-γ-activated cells in various diseases, including 
colorectal carcinoma (CRC) and inflammatory bowel 
diseases (IBDs). In CRC, GBP-1 expression is associated 
with a Th1-dominated angiostatic micromilieu and 
is correlated with a better outcome. Inhibition of 
tumor growth by GBP-1 is the result of its strong anti-
angiogenic activity as well as its direct anti-tumorigenic 
effect on tumor cells. In IBD, GBP-1 mediates the 
anti-proliferative effects of interferon-γ on intestinal 
epithelial cells. In addition, it plays a protective role on 
the mucosa by preventing cell apoptosis, by inhibiting 
angiogenesis and by regulating the T-cell receptor 
signaling. These functions rely to a large extent on the 
ability of GBP-1 to interact with and remodel the actin 
cytoskeleton.
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Core tip: Guanylate-binding proteins (GBPs) are inter
feron-stimulated factors involved in the defense against 
cellular pathogens and inflammation. In addition, 
guanylate-binding proteins have been established as 
reliable markers of interferon-γ-activated cells in various 
diseases including colorectal carcinoma and inflammatory 
bowel diseases. The GBP-1 is the best characterized 
member of the family. For instance, the expression of 
GBP-1 has been associated with a better outcome in 
colorectal carcinoma. The inhibition of tumor growth by 
GBP-1 is due to its strong anti-angiogenic activity as well 
as its direct anti-tumorigenic effect on tumor cells. In 
inflammatory bowel diseases, on the one hand GBP-1 
mediates the anti-proliferative effects of interferon-γ 
on intestinal epithelial cells, and on the other hand, it 
protects the mucosa by preventing cell apoptosis, by 
inhibiting angiogenesis and by regulating the T-cell 
receptor signaling. These functions rely to a large extent 
on the ability of GBP-1 to interact with and remodel the 
actin cytoskeleton.
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in gastrointestinal diseases. World J Gastroenterol 2016; 
22(28): 6434-6443  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i28/6434.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i28.6434

INTRODUCTION
Guanylate-binding proteins (GBPs) belong to the 
dynamin family of large GTPases and display two main 
particularities that distinguish them from small GTPases 
of the Ras superfamily. First, they hydrolyze GTP 
upon self-activation by oligomerization and therefore 
do not require the presence of GTPase-activating 
proteins (GAPs) or guanine nucleotide exchange 
factors (GEFs)[1-3]. Second, they are inducible proteins 
expressed in response of various stimuli, mainly to type 
1 and type 2 interferons (IFNs) and, to a lower extent, 
to the inflammatory cytokines interleukin (IL)-1β and 
tumor necrosis factor (TNF)-α[4,5]. Up to now, seven 
human GBPs (GBP-1 to -7) and eleven mouse GBPs 
(mGBP-1 to -11) have been described[6,7]. Most of the 
available knowledge is related to human GBP-1. The 
structure of GBP-1 has been resolved and comprises 
two domains: (1) a large globular α/β domain displaying 
the canonical GTPase sequences at the N-terminus and 
(2) a long C-terminal part organized in an index finger-
like domain composed exclusively of a-helices (7-13, 
Figure 1)[8]. Because of the high sequence homology 
between all GBPs, their respective structures are 
considered to be similar. In addition, GBP-1, GBP-2 
and GBP-5 are C-terminally prenylated, allowing their 
attachment to cellular membranes[9]. 

To date, biochemical as well as structural inves
tigations have led to deeper insights into the molecular 

structure and enzymatic mechanism of human GBP-1. 
Dimer formation is induced by GTP binding leading to 
reorientation of a catalytic arginine side chain, thereby 
accelerating hydrolytic activity[1,10]. Moreover, the same 
catalytic machinery is employed to catalyze a second 
step of phosphate cleavage resulting in GMP as the 
major product[11,12]. While this is a unique feature among 
GTPases, another intriguing observation is the impact of 
this catalytic activity on changes in the C-terminal helical 
domain of GBP-1[2,13]. A salt bridge contact between the 
GTPase domain and the helical domain is switched such 
that a major reorientation of α-helices 12 and 13 allows 
for formation of a second contact area on the GBP-1 
dimer resulting in association of the two α13 helices and 
thereby juxtaposition of the farnesyl groups attached 
to the C-termini[14]. Further biochemical experiments 
with farnesylated GBP-1 are required to disclose the 
role of this nucleotide hydrolysis-driven rearrangement 
for interaction with other GBP isoforms (see e.g., ref. 9) 
and with membranous compartments. 

Initially, GBPs were shown to be among the most 
highly induced proteins in human fibroblasts exposed 
to IFN-γ[4]. Subsequently, it was reported that GBP-1 
expression can be induced in vitro by treatment 
with IFN-γ in many cell types including primary cells 
(endothelial cells, fibroblasts, keratinocytes, B-cells, 
T-cells and peripheral blood mononuclear cells), 
immortalized intestinal epithelial cells and several tumor 
cell lines[5,15]. In agreement with its induction by IFNs 
and inflammatory cytokines, GBP-1 has predominantly 
been detected in vivo in inflamed tissues associated with 
various diseases such as psoriasis, lupus erythematosus, 
adverse drug reactions and Kaposi’s sarcoma[5,16,17]. 
Consequently, GBP-1 has been established as a robust 
marker of inflammation, specifically to detect activation 
of cells by IFN-γ at the single cell level in tissues[16].

In addition to their association with inflammation, 
GBPs participate in cell-autonomous defense against 
bacteria, protozoa and viruses[18]. Moreover, elevated 
expression of GBP-1, together with other GBPs, has 
been observed in the colons of patients with inflam
matory bowel disease (IBD) or in colorectal carcinoma 
(CRC)[15,19-21]. This review will focus on the pathophy
siological roles of GBPs in CRC and IBD, and especially 
on GBP-1, the best described member of the GBP family 
to date. 

CLINICAL RELEVANCE OF GBP 
EXPRESSION IN CRC AND IBD
GBP-1 is an independent positive prognostic factor in 
CRC
CRC is the third most frequent type of cancer in 
developed countries. The development of sporadic 
CRC has been considered the archetype of multistep 
carcinogenesis. Over the past two decades, major 
progress has been made in the characterization of 
CRC. New types of classifications have been proposed, 
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which have allowed prognoses to be refined, and have 
opened new perspectives for improving therapeutic 
decisions. Various kinds of molecular subtypes have 
been described including chromosomal instability, 
microsatellite instability and CpG island methylator 
phenotype[22-24]. In addition, gene expression profiles 
that correlate with prognosis have been identified. 
For instance, CRCs with a stem cell gene expression 
signature are associated with a poor prognosis[24,25]. 
Besides molecular classifications, the host’s immune 
response has emerged as a powerful prognostic factor in 
CRC. Additionally, immune cell infiltration into the tumor 
and a polarized immune response have been shown to 
be of prognostic relevance. In particular, the presence 
of an active Th1 adaptive immune response in CRC 
correlates with a better outcome[26]. More precisely, the 
presence of cytotoxic and memory T-cells, together with 
the expression of Th1-associated factors (IFN-γ, IL-12 
or IRF1), has been associated with a better prognosis 
in CRC[26,27]. In the meanwhile, such associations have 
been observed in a variety of solid tumors including 
breast, lung, ovarian and liver cancers[28]. Interestingly, 
molecular studies of CRCs also revealed the presence of 
an “inflammatory” gene expression signature enriched 
with interferon-stimulated genes (ISGs) and associated 
with improved prognosis[24,25]. Overall, the so-called 
Immunoscore has been shown to be better than the 
standard histo-pathological classification or the presence 
of microsatellite instability as a predictor of outcome for 
patients with CRC[26,29,30]. Expression of GBP-1, along 
with several other ISGs, has been detected in CRC[19,31]. 
Furthermore, a study involving 388 patients showed 
GBP-1 to be an independent prognostic marker in CRC, 

which correlates with prolonged 5-year cancer-specific 
survival[19]. This has subsequently been confirmed in 
a study of The Cancer Genome Atlas (TCGA) network, 
which also found that the expression of GBP-1 and 
GBP-4 in CRC was associated with a less aggressive 
phenotype, including tumor stage, lymph node invasion 
and metastasis[32]. Of note, an association has been 
found between expressions of GBP-1 and GBP-2 
and the regression of melanoma metastasis after 
immunotherapy[33]. Furthermore, GBP-1 participates in 
a signature of immune function genes associated with 
recurrence-free survival in breast cancer patients[34]. 
In addition, GBP-2 has been shown to be expressed 
in esophagus squamous cell carcinomas and in breast 
cancer, where it is associated with T-cell infiltration and 
a better prognosis[35,36]. Hence, expression of GBPs 
appears to be generally associated with a prognostically 
favorable immunological response to cancer. Specific 
evidence has been obtained that GBP-1 mediates the 
anti-tumorigenic effects induced by a Th1-dominated 
micromilieu. 

GBP-1 is a marker for IFN-γ -induced cell activation in 
IBDs
IBDs comprise two main forms of chronic relapsing 
disorders, namely ulcerative colitis (UC) and Crohn’s 
disease (CD)[37]. The pathogenesis of IBD is not yet 
fully understood, but it is generally believed to involve 
dysregulation of intestinal homeostasis, characterized 
by the loss of barrier function and an aberrant immune 
response leading to the loss of tolerance of enteric 
bacterial flora accompanied by acute inflammation[37,38]. 
Active IBD displays infiltration of the lamina propria by 
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Figure 1  Structure-function relationships of guanylate-binding protein-1. The guanylate binding protein-1 can be roughly divided into two domains: a compact 
globular domain carrying the GTPase activity at the N-terminus (blue) and a long helical domain comprised of a-helices at the C-terminus (grey), which are 
responsible for different protein functions.

Helical domain:
   Inhibition of cell proliferation[16]

   Membrane binding[9]

   Self-assembly[14]

Globular domain:
   GTPase activity and self-
   assembly[1,2]

   Inhibition of cell migration
   and invasion[46,47]

   GTPase-dependent actin
   remodeling[50]
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inhibit proliferation and migration of endothelial cells, 
GBP-1 was identified by differential display RT-PCR 
as a gene induced by these angiostatic cytokines 
and repressed by the angiogenic factors VEGF and 
bFGF[16]. Subsequently, it has be shown that GBP-1 
expression in tissues is closely associated with blood 
vessel endothelial cells that are exposed to these 
cytokines[5,16]. In agreement with these findings, in 
CRC, the expression of GBP-1 in vessels correlated 
with significantly repressed angiogenic activity and 
the presence of an angiostatic micro-environment, 
indicated by co-expression of the anti-angiogenic 
cytokines CXCL9, -10 and -11[19]. Because of its 
association with immune angiostasis in tissues in vivo, 
GBP-1 was investigated for directly exerting angiostatic 
activity. Indeed, it was shown to inhibit the proliferation 
of human umbilical vein endothelial cells (HUVECs) 
through its helical domain (Figure 1)[16]. It was also 
found to mediate the effects of IFN-α by protecting 
HUVECs from serum starvation-induced apoptosis[44]. 
Of note, in the same study, continuous exposure to 
IFN-α led to senescence of HUVECs. Unexpectedly, 
GBP-1 was shown to be secreted, however exclusively 
by endothelial cells[45]. As yet, the role of extracellular 
GBP-1 remains unknown. Interestingly, GBP-1 has 
been shown to inhibit the invasiveness and tube-
forming capabilities of HUVECs by down-regulating 
MMP-1 expression[46]. This effect was found to be 
dependent on the GTPase activity of the protein. 
Furthermore, GBP-1 is able to inhibit migration and 
spreading of endothelial cells on a fibronectin matrix 
through expression of integrin-α4, indicating that 
its effect might depend on the extracelluar matrix 
composition of the surrounding micromilieu[47]. Mouse 
GBP-2 has similarly been shown to inhibit endothelial 
cell spreading[48,49]. Interestingly, GBP-1 has been 
shown to interact with other GBPs (GBP-2 to -5) 
and to recruit them in its own cellular compartment, 
suggesting that GBPs act in a cooperative manner 
and that GBP-1 is dominant over the other family 
members[9]. The effects of GBP-1 on cell migration, 
invasion and spreading can be explained by the 
fact that GBP-1 was found to bind β-actin[50]. More 
precisely, it has been found to mediate the IFN-γ-
induced disruption of actin fibers in various tumor cell 

both innate and adaptive immune cells and increased 
local levels of cytokines[39-42]. Compared to healthy 
controls, specimens with active CD or UC show 
increased expression of GBP-1 at the RNA and protein 
levels[15,21,43]. In addition, GBP-1 mRNA expression 
correlated with the expression of IFN-γ in whole tissue 
samples, and GBP-1 expressing cells were found in the 
vicinity of IFN-γ-producing cells[21]. While UC has been 
considered as a Th2-mediated condition mostly driven 
by IL-13, Th1 cytokines such as IL-12 or IFN-γ have 
been described as primarily involved in CD. However, 
this paradigm has been revised and cytokines such as 
TNF-α, IFN-γ, IL-1, -6, -12 and -17 are considered to 
be involved in the pathogenesis of both diseases[42]. 
Accordingly, GBP-1 expression is also increased in both, 
and at similar levels (Table 1)[21]. In agreement with 
human data, elevated expression of GBP-1 was also 
detected in colonic tissues of mice undergoing colitis 
after treatment with dextran sodium sulfate (DSS)[21]. 
This increase was observed in both, acute and chronic 
DSS models and was associated with an elevation in 
IFN-γ tissue expression[21]. Hence, GBP-1 expression 
seems to be a useful marker for inflammation and 
IFN-γ-induced cell activation in IBD. Cytokines such 
as IFN-γ, TNF-α and IL-1β are not only involved in the 
recruitment and activation of immune cells but can 
also affect epithelial or endothelial cells, leading to an 
amplification of tissue damage and inflammation[39-42]. 
In IBD samples, GBP-1 expression was observed in 
infiltrating immune cells, in endothelial cells and in 
epithelial cells, confirming that IFN-γ indeed acts in 
vivo on both mesenchymal and epithelial cells[15,21]. 

GBP-1 FUNCTIONS IN STROMAL CELLS
GBP-1 mediates the anti-angiogenic effects of IFNs in 
CRC
Expression of GBP-1 has been detected in the stroma 
of CRCs[15,19]. In the course of tumorigenesis, the 
angiogenic switch allows tumors to grow beyond a 
critical size. In the tumor micro-environment, pro-
angiogenic and anti-angiogenic factors co-exist and 
the resulting angiogenic balance determines the state 
of the vasculature. Based on the observation that 
the inflammatory cytokines IL-1β, TNF-α and IFN-γ 

Table 1  Expression and functions of guanylate-binding protein-1

GBP-1 expression
   Inflammatory bowel diseases Expressed in UC and CD[15,20,21]

Expression in epithelial cells, endothelial cells and immune cells[15,21]

   Colorectal carcinoma Expression in the stroma and partially in tumor cells[15,19] 

Associated with Th1-dominated angiostatic micromilieu and improved survival[19,31]

Functions of GBP-1
   Endothelial cells Anti-angiogenic, inhibits proliferation, migration, invasion and spreading; protection against apoptosis[16,44,46,47,50]

   Intestinal epithelial cells Inhibits proliferation; protection against apoptosis[20,43] 

   Colon tumor cells Inhibits proliferation, migration, invasion and tumor growth in vivo; no induction of apoptosis (but partially required)[9]

   T-cells Inhibition of spreading and early T-cell receptor signaling[54]

GBP: Guanylate-binding protein; UC: Ulcerative colitis; CD: Crohn’s disease.
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lines and in endothelial cells[50]. The disintegration of 
actin fibers by GBP-1 occurred through direct binding 
between both proteins, both in vivo and in vitro 
using purified recombinant GBP-1 and actin[50]. The 
interaction with β-actin required both self-assembly 
and the GTPase activity of GBP-1[50]. Taken together, 
it has been shown that GBP-1 exerts a powerful anti-
angiogenic role by directly inhibiting endothelial cell 
proliferation, migration, invasion and spreading, 
together with protecting cells against apoptosis, thus 
creating an angiostatic state for the vessels (Table 
1 and Figure 2). Thereby, GBP-1 links anti-tumor 
immune response and inhibition of angiogenesis in 
CRC as a major mediator of the anti-angiogenic effect 
of IFNs.

Role of GBP-1 in IFN-induced vascular remodeling in 
IBD 
As chronic IBD is established, the vascular system 
undergoes profound reorganization[51]. On the one 
hand, angiogenesis is induced through the production 
of VEGF. On the other hand, inflammatory stimuli 
activate endothelial cells, enhancing leukocyte binding, 
tissue infiltration and ultimately, chronic inflam
mation[52,53]. However, the resulting vasculature is 
dysfunctional. Expression of GBP-1 was observed in 
vascular cells and was associated with in situ IFN-γ 
expression in human IBD tissues and in DSS-induced 
mouse colitis samples, indicating that those vessels 
were in an anti-angiogenic state[21]. This was confirmed 
by the fact that neutralization of IFN-γ resulted in 
an increase in blood vessel density[21]. Hence, the 
angiostatic effects of IFN-γ mediated by GBP-1 seem 
to be a more general mechanism, because it also 
occurs in colitis. Of note, IFN-γ was found to increase 
vascular permeability in the same mouse colitis model. 
Thereby, IFN-γ is involved in establishing dysfunctional 
vasculature, potentially participating in the aggravation 
of tissue damage and in the increase of immune cell 
infiltration[21]. 

GBP-1 regulates T-cell receptor signaling 
Expression of GBP-1 has been detected in vitro and 
in vivo in monocytes/macrophages and T-cells in 
response to IFN-γ[5,19,54]. In T-cells, GBP-1 has been 
found to mediate the interaction between early T-cell 
receptor signaling and the cytoskeleton[54]. More 
precisely, it was required for inhibiting T-cell spreading, 
down-regulating CD3 and CD45 at the cell surface, 
and decreasing IL-2 release. Its function in T-cells was 
mediated by interactions with the actin-regulating 
proteins plastin-2 and βII-spectrin[54]. Hence, GBP-1 
might participate in a negative feedback loop in T-cells 
activated by IFN-γ resulting in reduced IL-2 expression 
during Th1 differentiation (Figure 2). Therefore, GBP-1 
might prevent T-cells from over-activation, leading to 
a protective effect during IBD. It cannot be excluded 

that GBP-1 might also participate in T-cell anergy, 
which would result in a negative impact on the anti-
tumor immune response in CRC. However, the overall 
impact of GBP-1 expression remains positive, which 
indicates that its effects on endothelial and tumor cells 
overcome the inhibitory functions in T-cells.  

GBP-1 FUNCTIONS IN COLON 
EPITHELIAL AND TUMOR CELLS 
GBP-1 exerts anti-tumorigenic effects in colon tumor 
cells 
In CRC, GBP-1 expression is predominantly detected 
in the desmoplastic stroma. In about half the cases, 
GBP-1 expression is also detected in tumor cells[15]. 
This suggests that the stimulus responsible for 
GBP-1 expression, for instance IFN-γ, originates 
from infiltrating cells and that the tumor cells might 
have lost responsiveness to the respective factor 
and concomitantly the ability to express GBP-1. This 
suggests that the loss of GBP-1 expression may be 
a tumor escape mechanism fostered by the genetic 
and epigenetic instability of the cancer cells, which 
does not affect the adjacent stromal cells. In this 
framework, it is important to note that GBP-1, as 
shown for endothelial cells, can also inhibit proliferation, 
migration and invasion of CRC cell lines (Table 1, 
Figures 1 and 2)[15]. In addition, GBP-1 was able to 
reduce anchorage-independent growth and tumor 
growth in a mouse xenograft model[15]. Using RNA 
interference, it was confirmed that GBP-1 mediates 
the anti-proliferative, anti-migratory and anti-invasive 
effects of IFN-γ in CRC cell lines[15]. However, it did 
not induce apoptosis by itself, even if it was at least 
partially required for IFN-γ-induced apoptosis[15]. In 
this context GBP-1 must be regarded as a bona fide 
tumor suppressor gene. Nevertheless, its effects on 
tumor cells seem to be highly tumor type specific[55]. In 
accordance with its functions in CRC cells, GBP-1 has 
also been shown to inhibit mammary tumor growth 
in mice[56]. In contrast, GBP-1 expression has been 
associated with Paclitaxel resistance in ovarian cancer 
cell lines[57,58], docetaxel resistance of prostate cancer 
cells[59], and with radioresistance[60]. Other reports have 
shown that GBP-1 induces glioblastoma growth in mice 
through increased invasiveness but not proliferation of 
glioblastoma cells[61,62]. Similarly, it was found to induce 
invasion of oral squamous cell carcinoma cells[55]. Based 
on these findings it is clear that GBP-1 has anti-tumor 
functions in CRC but its activity may be converted to 
pro-tumorigenic functions in other tumor types. It 
remains to be determined in future studies whether 
this is dependent on specific cellular or micromilieu-
derived co-factors or is partly the result of different 
experimental setups. Overall, GBP-1 has been shown 
to have a pleiotropic role in CRC, by mediating both the 
anti-angiogenic and anti-tumorigenic effects of IFN-γ.
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Figure 2  Role of guanylate-binding protein-1 in colorectal carcinoma and inflammatory bowel diseases. In colorectal carcinoma (CRC), guanylate-binding 
protein (GBP)-1 expression is associated with a Th1-dominated micromileu and results in an angiostatic vasculature. In CRC tumor cells, expression of GBP-1 induces 
an anti-tumorigenic phenotype. Absence of expression in tumor cells in a GBP-1-positive context indicates a mechanism of resistance. In T-cells, GBP-1 participates 
in the modulation of the T-cell receptor signaling pathway. In inflammatory bowel disease (IBD), GBP-1 expression is elevated in active disease and inhibits the 
proliferation of intestinal epithelial cells, thereby exerting a protective effect against the loss of barrier function and apoptosis. Here again, GBP-1 is associated with 
angiostasis and T-cell regulation. INF: Interferon; IL: Interleukin.
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GBP-1 inhibits the proliferation of intestinal epithelial 
cells 
Expression of GBP-1 in intestinal epithelial cells has 
been observed in human colon specimens of IBD 
and in the inflamed colonic mucosa of DSS-treated 
mice[15,21,43]. In addition, immortalized human primary 
colon epithelial cells are able to express GBP-1 in vitro 
after treatment with IFN-γ, IL-1β or TNF-α[15]. When 
induced by IFN-γ/TNF-α, GBP-1 was described as 
inhibiting cell proliferation of the colonic epithelial cell 
lines SKCO15 and T84, which harbor an enterocyte-
stereotypic differentiation, are polarized and therefore 
are considered valuable models for studying intestinal 
epithelial cells[43]. In these cell lines, GBP-1 was able 
to reduce β-catenin protein levels and β-catenin serine 
552 phosphorylation in a proteasome-independent me
chanism[43]. On the other hand, it was found to have a 
protective effect against IFN-γ-induced apoptosis and 
loss of barrier function in the colonic epithelium (Figure 
2)[20]. 

GBPS AND CELLULAR RESPONSE TO 
INTESTINAL PATHOGENS
Several human and mouse GBPs have been shown 
to be involved in the response against intracellular 
pathogens including viruses such as vesicular stomatitis 
virus, encephalomyocarditis virus, hepatitis C virus, 
influenza A virus, dengue virus, swine fever virus and 
human immunodeficiency virus-1[63-69]. GBPs have also 
been shown to mediate host’s defense against bacterial 
and mycobacterial infectious agents such as Listeria 
monocytogenes, Chlamydia trachomatis, Salmonella 
typhimurium, and Mycobacterium bovis[70-72]. Finally, 
GBPs are involved in intracellular immunity against 
Toxoplasma gondii[73]. In particular, GBP-1 has been 
shown to be up-regulated in a colon cell line after 
rotavirus infection[74]. Furthermore, GBP-1 was found to 
be up-regulated differently in two mouse strains after 
colonization with commensal bacteria, and it is thought 
to participate, together with other interferon-stimulated 
genes, to host-specific responses to commensal gut 
bacteria, thereby shaping the microbiota[75]. Actually, 
IFN-α expression induced by commensal nonpathogenic 
Escherichia coli in the intestine of newborn mice was 
shown to mediate GBP-1 expression[76]. Furthermore, 
GBP-1 was required for the anti-apoptotic effects of 
IFN-α in immature human colon epithelia treated with 
staurosporine, indicating that it might play a role in the 
prevention of intestinal epithelial apoptosis induced by 
commensal bacteria[76]. 

CONCLUSION
Overall, expression of GBPs and in particular GBP-1 
has been shown to be associated with infection by 
intracellular pathogens, Th1-driven inflammation 
during IBD and the Th1-dominated anti-tumor immune 

response in CRC. Additionally, GBP-1 exerts strong 
anti-proliferative, anti-migratory and anti-invasive 
effects on various cell types, resulting in the creation 
of angiostatic vasculature in IBD and CRC and in direct 
anti-tumorigenic effects on CRC cells. 
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